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TEMPERATURE COMPENSATED ADJUSTABLE ’ 
~ - , DAMPER‘UNIT _ - 

BACKGROUND OF THE INVENTION 
Damping units are known to the art, and these for the 

vmost part are hydraulic in nature. However,- the 
hydraulic damper units suffer‘ from a variation of 

- torque gradient as a function of ambient temperature. ' 
Eddy current damper units are also known to the art, 
these being predicated on the principle of developing a 
torque in response to the flow of electrical eddy cur 
rents in an electrical conductor as the conductor is 
moved through a magnetic ?eld. However, the prior art 
eddy current damper units are difficult to adjust, to a 
desired degree of damping. - ‘ ' 

Damper units are used, for example, by airframe 

LII 

' manufacturers, ?ight control manufacturers, ?ight con-- . 
trol system manufacturers, and 'others.'Such units are I 
usually used, for example, to provide feel and/or 
washout control in electrically assisted ?ight systems, 
or to add realism to simulated controls. 
The eddy current damper unit to be described is ad 

vantageous as compared with the usual prior art 
hydraulic damper units, in that there is no forward 
leakage. Also, the eddy current damper of the inven 
tion exhibits low backlash characteristics, and it also 
has quick, rapid and convenient damping adjustment 
capabilities. _ 

The unit to be described operates, for example, in a 
temperature range of from —54° C to +125° C without 
exhibiting any temperature effect on the damping 
torque. The unit also is advantageous in that it is rela 
tively inexpensive. Moreover, it is compact in size and 
self-contained, and it requires no maintenance. 

Speci?cally, the damper unit of the present invention 
is compensated to minimize the effect of temperature 
on its damping characteristics. In addition, and as will 
be-described, the unit of the invention is easily adjusta 
ble by convenient external means. The unit to be 
described maintains relatively low inertia at the input 
member. Moreover, it provides high gradients of damp 
ing in a relatively small volume. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 shows an eddy current damper device which 

may be constructed in accordance with the invention, 
and which is installed in an aircraft control stick 
system; . ' 

FIG. 2 is an elevational view of a damper unit con 
structed to incorporate the concepts of the invention; 
and - . 

FIG. 3-is a side section of the unit of FIG. 1, taken es 
sentially along the line 27-2 of FIG. 1. . 

DETAILED'DESCRIPTION OF THE ILLUSTRATED 
EMBODIMENT 

The system of FIG. 1 is an aircraft control system, 
and constitutes typical installation of the damper unit 
of the invention. For example, the aircraft control 
system includes a forward control stick 1 in a rear con 
trol stick 1'. The forward control stick 1, for example, . 
actuates a control shaft 1’ through a usual linkage 3. 
The linkage 3 is also. coupled through a linkage 4 and 
crank 5 to a further shaft 6. The rear control stick ‘1’ is 
also coupled to the shaft 6 through a link 7. The shaft 6, 
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in turn, is coupled through a link 8 and safety spring 9 
to a crank arm 10 which, in turn, is coupled to the input 
shaft of a damper 11. The damper 11 may be con 
structed to incorporate the teaching of the invention, as 
will be described. The purpose of the damper 11 is to 
provide a desired “feel” to the control system of FIG. 
1, so that when either the forward control stick or the 
rear control stick' are operated, a reaction ‘force is 
sensed by the operator, and'this force increases the 
speed with which the sticks are moved is increased. 
Details of the damper 11 are shown, for example, in 
FIGS. 2 and 3. 
The unit illustrated in FIGS. 2 and 3 includes a cylin 

drical shaped two-piece housing designated 10a and 
10b whichv is formed of appropriate non-magnetic 
material. The housing section 10a and 10b are held 
together by appropriate bolts, such as a bolt 12. An 
input shaft 14 is rotatably mounted in the housing sec 
tion 10a and is supported therein, for example, by 
means of .a pair of bearings 16 and 18, the bearings 
being held in the housing by retaining rings 20 and 22. 
An appropriate coupling 24 is mounted on the input 
shaft 14, and shims 22 are provided for minimum axial 
movement. . 

I The shaft 14 supports a plurality of planetary gears 
30 which are mounted on respective heads 32 by cor 
responding bearings 34. The planetary gears engage an 
internal running gear 36 formed on the inner surface of 
the housing sections 10a and 10b, and the planetary 
gears 30 also engage a pinion gear 40 which is mounted 
on a shaft 42 supported in a bearing 44. In this way, 
rotation of the input shaft 14 by the coupling 24 causes 
the planetary gears 30 to rotate the shaft 42. The shaft 
42 is coupled to a further shaft 46 through a spur gear 
train including, for example, gears 48 and 50, 52, 54, 
56 and 60. ' 

The gear 48 is mounted on the shaft 42, which is sup 
ported on its right-hand by a bearing 64. The gears 50 
and 52 are interconnected and are supported in a bear 
ing 66. The gears 54 and 56 are interconnected and are 
supported in bearings 68 and 70. The gear v60 is 
mounted on the end of the shaft 46, the shaft being sup 
ported in bearings 80 and 82. The spur gear train pro 
vides a step-up ratio between the pinion gear 40 and 
the shaft 46. The resulting gear transmission system 
provides a low friction coupling between the input shaft 
14 and the shaft 46, and it enables the shaft 46 to rotate 
at a relatively high speed upon the rotation of the shaft 
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A cup 84 of electrically conductive material, such as 
aluminum or copper, is mounted on the right-hand end 
of the shaft 46, and is supported on the shaft, for exam 
ple, by means of a screw 86. The cup 84 extends 
between an annular permanent magnet member 86 and 
a concentric annular member 88, the latter member 
being composed of magnetizable material, and con 
stituting a return path for a plurality of radially 
disposed magnetic poles exhibited by the annular per 
manent magnetic member 86. . ' 

As the electrically conductive cup 84 is rotated in the 
annular space between the annular members 86 and 
88, eddy currents are developed in the cup which set up 
a restraining torque. This torque is reflected to the 
input shaft 14 in the ratio of N2/N1, where N2 is the 
angular velocity of the shaft 46, and N1 is the angular 
velocity of the input shaft 14. - 
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One or more ferromagnetic rings, such as ring 90,are 
positioned adjacent the end of the permanent annular 
magnet 86, as shown. The rings 90 are held adjacent 
the bore of the housing, and may be moved back and 
forth along the bore, to adjust the position thereof. with 
respect to the annular permanent magnet 86. The rings 
are accessiblethrough'acover 92 which is ?tted across 
the front of the housing section 10b. _ 
The ferromagnetic rings serve to shunt off some of 

the magnetic ?ux from the air gap between the per 
manent magnet. 86 and the annular magnetic member 
88. Then, as the temperature increases, the permeabili 
ty of the magnetic path provided by the ferromagnetic 

- rings 90 decreases at a rapid rate resulting in an in 
creased magnetic ?ux in the air gap. This increased ?ux 
compensates-for the loss in eddy current torque result 
ing from an increased cup resistivity towards the higher 
ambient temperatures. The rings 90 may be adjusted so 
that the eddy ‘current torque exhibited by the device is 
essentially constant through a wide range of ambient 
temperatures. ' - 

A further ferromagnetic ring 96 is mounted on the 
end of the housing section 10b for convenient external 
adjustment. As the ring ‘96 is turned relative to the 
housing section 10b, its axial'position with respect to 
the permanent magnet 86'is shifted, to shunt ?ux from 
the air gap. This results in a reduction in torque, so that 
a convenient control of the damping exerted by the unit 
is provided. A radial screw 98 permits the ring 96 to be 
locked at any desired position, after the adjustment has 
been made. ' 

The invention provides, therefore, an improved tem 
perature compensated adjustable eddy current damper 
unit which , is constructed to provide a restraining 
torque at an input shaft which is directly proportional 
to the velocity in which the input shaft is directly pro 
portional to the velocity in which the input shaft is 
rotated. As described, the damper unit of the invention 
uses the principle of eddy currents ?owing in the elec 
trically conductive drag cup, as the cup is rotated in the 
electrical field of a permanent magnet. The described 
embodiment of ‘the invention is compensated to 
minimize the effects of temperature on damping, and 
incorporates an external ring which is easily adjustable 
to provide any desired degree of damping effect. The 
unit of the invention is advantageous in that it is com 
pact, and it is relatively inexpensive. The unit maintains 
relatively low inertia at the input shaft, and it provides 
high gradients of damping in small volume. 

It will be appreciated that althoughv a particular em 
bodiment of the invention has been shown and 
described, modi?cations may be made. It is intended in 
the following claims to cover all modifications which 
come within the spirit and scope of the invention. 
What is claimed is: 
1. An eddy current damper unit comprising: 
a housing; 
an input shaft rotatably mounted in the housing; - 
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4. 
a‘further' shaft rotatably'inounted in ‘the housing, a 

gear transmission system coupling said input shaft 
to said further shaft and providing a step-up trans- 1 
mission ratio between-said input shaft and said _ ‘ 
further shaft; _ . Y 

magnetic ?eld producing means'mounted coaxially 
with sai urther shaft; ' 

magnetiza e means mounted concentrically within" 
said magnetic ?eld producing means and de?ning I 
an annular air gap therewith; 

an electrically conductive cup member mounted-on 
said further shaft coaxially therewith and extend 
ing into said air gap for rotation with said further 
shaft, said cup member having eddy currents 
generated'therein upon rotation of said further 
shaft which develop a restraining torque, said 
restraining torque being re?ected through said 
gear transmission system to said input shaft; 

ferromagnetic shunt means mounted adjacent said 
- magnetic ‘?eld producing means for shunting a 
portionof the magnetic ?ux in said air gap, the 
permeability of said shunt means decreasing for in 
creases in ambient temperature to compensate for 
the loss‘in eddy current torque resulting from in 
creased electrical resistance of said cup member at 
said higher temperatures, and ' 

a ferromagnetic ring member surrounding said mag 
netic field producing means for shunting flux from 
the air gap, so as to control the restraining torque 
re?ected to the input-shaft, said annular ferromag 
netic member being adjustable axially with respect 

‘ to said magnetic ?eld producing means. _ 
2. The eddy current damper unit defined in claim 1, 

in which said magnetic field producing means com 
prises an annular permanent magnetic member which 
develops radially extending magnetic poles around the 
axis of rotation of said further shaft; and said mag 
netizable means comprises an annular magnetic 
member disposed coaxially within said annular per 
manent magnet member and surrounding said further 
shaft. ‘ ' ' 

3. In combination: 
aircraft control system including at least one ' 

pivotally mounted control stick; 
' ashaft; ' 

a linkage mechanism coupling the control stick to 
the shaft to produce rotation of the shaft upon 
pivotable movement of the control stick; 

an eddy current damper device having input shaft, 
said damper deviceproviding a restraining torque 
to said input shaft which is directly proportional to 
the velocity at which the input shaft is rotated; and 

linkage means coupled to said input shaft and to said 
control stick, so that a restraining force is re?ected 
to said control stick which is proportional to the 
velocity in which the control stick is actuated 
about its pivot point. 
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